Background: We assessed the degree to which differences in guideline-based medical therapy for acute myocardial infarction (AMI) contribute to the higher mortality associated with kidney disease.
Background
Despite advances in treatment, patients with kidney disease experience worse outcomes than patients with normal kidney function following acute myocardial infarction (AMI) . [1] [2] [3] Furthermore, among community based populations with AMI, as many as half of patients have moderate to severe kidney disease. [1, [4] [5] [6] Given the high prevalence of kidney disease in patients with AMI, it is important to understand the mechanisms underlying the higher rates of adverse outcomes in this population.
The excess risk associated with kidney dysfunction in patients with AMI may result from biologic factors as well as differences in treatment with guideline-recommended therapies. Several pathophysiological mechanisms have been proposed to explain the progressive increase in risk with worsening kidney function, including oxidative stress, inflammation, elevated fibrinogen levels and derangements in calcium-phosphate homeostasis. [7, 8] Beyond biologic mechanisms, the lower use of therapies in patients with kidney dysfunction may also contribute to their higher morbidity and mortality. Although studies have consistently demonstrated lower use of guidelinebased therapies among patients with kidney dysfunction and AMI, [1, 2, 6 ,9-13] the contribution of this variation in care to differences in outcomes has been assumed but not directly assessed.
The objective of this study was to evaluate the contribution of differential medical treatment to the association between kidney function and mortality in a communitybased contemporary cohort of post-AMI patients. We hypothesized that differences in guideline-based medical therapy would, at least in part, account for the higher mortality associated with kidney dysfunction. Understanding the extent to which differences in treatment explain differences in outcomes would help define the importance of efforts to increase the use of guideline-based therapies compared with those to develop treatments targeting the pathophysiological abnormalities conferred by kidney dysfunction in AMI patients.
Methods

Study Population
Patients were enrolled in the Prospective Registry Evaluating Myocardial Infarction: Event and Recovery (PRE-MIER) study, a prospective cohort study of the care and outcomes of patients after AMI. Eligible patients were ≥ 18 years of age, had either an elevated troponin or CPK-MB, had other supporting evidence suggestive of an AMI (e.g. prolonged ischemic symptoms, electrocardiographic ST changes) and presented at the enrolling institution or were transferred within the first 24 hours of symptom onset (to ensure that primary clinical decision making occurred at the enrolling site). Patients provided informed consent, approved by the human subjects review boards at each institution, to participate.
Of the 2,498 patients enrolled in PREMIER, 2,426 survived to discharge and had complete data to calculate an estimated glomerular filtration rate (GFR). (Figure 1) 
Variables
The primary predictor variable was kidney function as quantified by the GFR as calculated using the four variable Modification of Diet in Renal Disease (MDRD) forumla.
[15] The creatinine used for this calculation was the measurement closest to the time of hospital discharge. The GFR was categorized according to recommendations of the National Kidney Foundation-Kidney Disease Outcomes Quality Initiative as follows: normal = GFR ≥ 90 mL/min/1.73 m 2 ; mildly impaired = GFR 60-< 90 mL/ min/1.73 m 2 ; moderate dysfunction = GFR 30-< 60 mL/ min/1.73 m 2 ; and severe dysfunction = GFR < 30 mL/ min/1.73 m 2 .
[16] The primary outcome was time to death. Vital status was confirmed by means of telephone contact and a query of the National Death Index. Vital status was available for 98% of patients (n = 2,386) at two years. The proportion missing vital status at two years did not differ by GFR.
Patient accounting
Statistical Analysis
Baseline demographic and clinical variables were compared among groups according to categories of GFR using chi square tests for trends for categorical variables and ANOVA for continuous variables. The unadjusted association between kidney function and treatment rates was evaluated by comparing proportions of eligible candidates receiving therapy in categories of GFR using chi square tests. Because of the small numbers of patients with ESRD, patients receiving hemodialysis were included in the category of severe kidney dysfunction in the primary analysis. In secondary analyses of treatment rates, dialysis patients were considered separately and treatment rates were compared across all categories of kidney function.
To evaluate the unadjusted association between categories of GFR and mortality at two years, Kaplan-Meier survival curves were constructed and were compared using the log rank test. Multivariable Cox proportional-hazard regression, stratified by site, was then used to evaluate the riskadjusted association between GFR categories and mortality. A multivariable model was first constructed including demographic and clinical variables (age, gender, race, body mass index (BMI), smoking, cocaine use, alcohol use, diabetes, hypercholesterolemia, hypertension, peripheral arterial disease, stroke, chronic lung disease, arthritis, cancer, prior MI, prior percutaneous coronary intervention (PCI), prior coronary artery bypass graft (CABG), heart failure, left ventricular systolic function, type of MI, maximum troponin, receipt of adjunctive antiplatelet therapy, receipt of anti-thrombin therapy, primary reperfusion for ST elevation MI (STEMI), revascularization with PCI, revascularization with CABG). Because not all patients are eligible for medical therapies (e.g. some have a documented contraindication or intolerance to treatment), eligibility may differ across categories of GFR, and eligibility for therapy may be associated with differences in mortality, we next adjusted for eligibility for aspirin, beta blockers, statins, and ACE inhibitor or ARB. Finally, the use of guideline-based medical therapy with aspirin (at admission and discharge), beta blockers (at admission and discharge), statins (at discharge) and ACE inhibitors or ARBs (at discharge) were added to the model. The mediation proportion or the incremental contribution of receipt of medications to the observed association between categories of GFR and mortality was evaluated by comparing the hazard ratios for the relationship between kidney function and mortality before and after adjustment for treatment with medications.
To further assess whether or not the differences in mortality in categories of GFR were due to differences in treatment, separate models were run restricted to those eligible for each therapy. Within the cohort restricted to those eligible, the hazard ratios for the relationship between categories of GFR and mortality before and after adjustment for treatment with medication were then compared. All analyses were conducted using SAS software, Version 9.1 (SAS Institute Inc., Cary, NC).
The authors had full access to the data and take responsibility for its integrity.
Results
Of the 2426 patients, 26% (626) had GFR ≥ 90 ml/min/ 1.73 m2, 44% (1073) had GFR 60-< 90 ml/min/1.73 m2, 22% (530) had GFR 30-< 60 ml/min/1.73 m2, and 8% (197) had GFR < 30 ml/min/1.73 m2 or were on hemodialysis (n = 76). Compared with patients with a normal GFR, patients with lower GFR were older, had lower BMI, had a higher prevalence of comorbidities, and were more likely to have had a prior MI, prior CABG and prior PCI (Table 1) . Patients with reduced GFR were more likely to present with a non-ST elevation MI (NSTEMI) and to have had higher TIMI risk scores as compared with patients with normal GFR. Of those who presented with STEMI, patients with kidney dysfunction were less likely to receive reperfusion therapy with primary PCI, fibrinolysis or immediate CABG. Additionally, those with reduced GFR less frequently underwent coronary angiography or coronary procedures at any time during their hospitalization.
The proportion of patients eligible for each therapy by GFR is shown in Table 2 . Among those who were eligible (no documented allergy or contraindication), patients with reduced GFR were significantly less likely to receive guideline-based therapies (Table 3) . Differences in the rate of therapy were most marked for aspirin within 24 hours of admission, aspirin at discharge, statins at discharge, and ACE inhibitor or ARB at discharge. The rate of acute and discharge beta-blocker therapy did not differ across categories of GFR. Of note, in secondary analyses, among those who were on dialysis, 89% received aspirin within 24 hours (p-value for trend across categories of renal function = 0.003), 80% received aspirin at discharge (p-value for trend < 0.001), 67% received a statin at discharge (p-value for trend < 0.001), and 64% received an ACE inhibitor or ARB (p-value for trend < 0.001).
Overall, patients with reduced GFR had higher mortality rates at two years than patients with normal GFR ( Figure  2) . A progressive increase in mortality was observed with decreasing GFR (3% for those with GFR > 90 ml/min/1.73 m2, 4% for GFR 60-< 90 ml/min/m2; 10% for GFR 30-< 60 ml/min/m2 and 28% for GFR < 30 ml/min/m2, p < 0.001).
After adjustment for demographics, comorbidities, adjunctive thienopyridine therapy, reperfusion and revascularization and eligibility for medical therapies, compared to those with GFR ≥ 90, there was a trend toward increased 2-year mortality for patients with GFR of 60-< 90 ml/min/m2 (HR = 1.24; 95% CI 0.78-1.97) and GFR of 30-< 60 ml/min/m2 (HR = 1.56; 95% CI 0.96-2.54) and significantly higher mortality for those with GFR < 30 Creatinine (mg/dL): mean (SD) 0.9 (0.4) 1.1 (0.4) 1.4 (0.5) 5.1 (3.8) < 0.001 Table 1 abbreviations: CABG = coronary artery bypass graft surgery; GFR = glomerular filtration rate (ml/min/1.73 m2); MI = myocardial infarction; LV = left ventricular; NSTEMI = non-ST-segment elevation myocardial infarction; PAD = peripheral arterial disease; PCI = percutaneous coronary intervention; STEMI = ST segment elevation myocardial infarction; TIMI = Thrombolysis in Myocardial Infarction ml/min/m2 (HR 3.45; 95% CI 2.11-5.64) ( Table 4 ). Further adjusting for differences in treatment patterns for aspirin, beta blockers, statins and ACE inhibitors or ARBs did not attenuate the association with mortality for patients with GFR of 60-< 90 ml/min/m2 (HR 1.24; 95% CI 0.78-1.97), GFR 30-< 60 ml/min/m2 (HR 1.56; 95% CI 0.96-2.56), or GFR < 30 ml/min/m2 (3.56; 95% CI 2.16-5.87) ( Table 4) . The results were similar for each individual therapy when models were restricted to only those eligible for that therapy.
Discussion
In this community-based population of patients with AMI, reduced GFR was common, associated with higher odds of 2-year mortality and yet lower use of guidelinebased medications among eligible patients. However, in the two years following AMI, the excess mortality associated with severely reduced GFR persisted after accounting for variation in clinical and treatment factors. These results suggest that the underlying pathophysiology of kidney dysfunction is an important determinant of adverse outcomes in this population, and that improving guideline-based care in patients with kidney disease alone is not likely to close the substantial mortality gap in this patient population.
Because many clinical trials of AMI therapies exclude patients with significant kidney disease, the evidence base for treatment in this population derives primarily from observational studies, many of which have proposed that increasing treatment rates in patients with kidney disease will improve mortality.[6,9,11,12,17] Indeed, multiple studies have demonstrated under use of guideline-based therapies in patients with kidney disease.[1,2,6,9-13,18] While elevating the care for patients with kidney disease is an important goal, our results suggest that lower treatment rates alone do not account for the excess mortality. Our findings may differ from those of prior observational studies for several reasons. First, most studies evaluating the effectiveness of medical therapies did not account for eligibility for therapy,[6,12,17] which was explicitly collected in this prospective study. As the factors related to eligibility may be collinear with treatment, and ineligibility for treatment may be a marker for adverse outcomes, the failure to account for differences in eligibility is likely to result in residual confounding, which may over-estimate the effectiveness of treatments. Only a single study limited the evaluation of medical therapy to those who were ideal candidates for individual therapies in patients with and without end stage kidney disease.
[11] However, this prior study did not adjust for reperfusion or revascularization, procedures that likely confound the relationship between mortality and medical treatment in AMI patients. PREMIER prospectively collected contraindications and intolerances to therapy and we adjusted for eligibility for each therapy. Second, intrinsic biases resulting from selection for angiography make it difficult to interpret the results of an effectiveness study in patients referred for coronary angiography.
[9] PREMIER prospectively enrolled all patients with an AMI, minimizing such selection biases. Finally, many of the existing studies were performed over a decade ago, and thus do not reflect contemporary treatment for AMI. The current study was conducted in a contemporary cohort of AMI patients. Thus, more complete control of confounders, fewer selection biases and the use of contemporary data may account for the differences in the estimates of the impact of guidelinebased therapies between this and prior studies.
The findings of this study suggest the need for a better understanding of the efficacy of established therapies for patients with AMI and kidney dysfunction. Despite the high and growing prevalence of kidney dysfunction in patients with AMI, randomized trials of therapies have generally excluded patients with more than mild kidney dysfunction, limiting available evidence for the efficacy of many therapeutic interventions in patients with more severe kidney dysfunction. medications prescribed at the time of discharge may have been discontinued after discharge. This misclassification would tend to underestimate the relationship between therapies and outcomes. However, several studies suggest that the failure to implement therapy for patients with cardiovascular disease in the inpatient setting is a strong marker of the lack of outpatient therapy.
[24] Also, we were not able to focus on the incremental benefit of additional therapies such as revascularization or other antiplatelet medications because contraindications to these therapies were not available. Therefore, we could not disentangle the issue of confounding by eligibility. However, we were able to assess a number of guideline-recommended therapies for which contraindications were documented. Furthermore, while some medication utilization rates were significantly lower in patients with kidney disease, treatment did not vary significantly for all treatments. Regardless, the substantial residual excess mortality in patients with severe kidney dysfunction suggests that current medical therapies are not sufficient to reduce mortality. In addition, contraindications were not precisely defined. However, contraindications as deemed present by the treating clinician were prospectively assessed. Because causes of death were not adjudicated, it was not possible to identify cardiovascular deaths, which are those likely to be reduced by guideline-based therapies. However, while chronic kidney disease is associated with an increased risk of non-cardiovascular mortality,[25] cardiovascular causes are leading causes of death in patients with kidney disease and AMI. Among patients with ESRD with AMI, cardiovascular causes account for more two thirds of deaths.
[26] The estimated GFR during hospitalization may not reflect a steady state in some patients with AMI, and measures of albuminuria, an additional marker of chronic kidney disease, were not available. However, the risk for mortality was incrementally increased with worsening GFR, and persisted after adjustment for other clinical factors, consistent with the existing literature. Finally, as an observational study, unmeasured confounding may influence the results. However, we were able to adjust for a wide range of important measured demographic and clinical variables.
Conclusion
In the two years following AMI, the excess mortality associated with kidney disease was not attributable to a wide range of clinical and treatment factors, including the under-use of guideline-based therapy. This study should not be interpreted as suggesting that guideline-based treatments in patients with AMI and kidney dysfunction are not effective. Certainly, there is a need for stronger evidence from randomized trials to inform the treatment of the large number of patients with kidney dysfunction and cardiovascular disease with existing treatments. However, these results suggest that the underlying physiology of kidney disease likely plays an important role in determination of outcomes. Therefore, novel therapies to treat patients with kidney dysfunction and cardiovascular disease are needed to substantially impact the high mortality observed for the large population of AMI patients with kidney dysfunction.
